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SUBJECT: Risk Assessment for TERA R-21-0002  
 
FROM:  Gwendolyn McClung, Ph.D. 
  Technical Integrator 

Risk Assessment Branch 2 
New Chemicals Division  

 
TO:   Hector Malagon   

Program Manager 
Risk Management Branch 2 
New Chemical s Division  
 

DATE:  May 4, 2021 
 

SUMMARY 

 
The Agency has received a TSCA Experimental Release Application (TERA) from Synthetic Genomics, Inc. 
(La Jolla, CA) to test three intergeneric eukaryotic algal strains in open ponds at their Synthetic 
Genomics, Inc. – California Advanced Algae Facility (CAAF) in Calipatria, CA. The subject strains for this 
risk assessment are   (R-21-0002.01),  (R-21-0002.02), and 

(R-21-0002.03).   
 
The submitter plans to field test these intergeneric algal strains over a period of 18 months in open 
miniponds, 0.1A ponds, and in large ponds up to 1 acre (1,000,000 L) in size. Monitoring will continue for 
6 months after the open pond cultivations are terminated. The subject strains were genetically modified 
by  and through  

 for increased lipid production resulting in lipid productivity 
many times higher than the wild-type strain. The three subject strains also show promise for scalability 
in the outdoor environment.   
 
The parental strain, , was  .  Phylogenetic analysis was 
performed to assess the taxonomic designation of this parental strain. The sequence aligned in  

 however, the sequence did not match with any species within the genus. Thus, the 
isolate is just referred to as   
 
There are  in this TERA. One is , which was the recipient 
for the . It was selected following the wild-type strain 

 The , is another  from 
the parental wild-type . This latter strain was , whereas  
was the recipient for    
 
The three subject strains were intended to be created by 

 
 However, the  

, not just   However, there is data to support that there 
is  in each of the three subject strains because these three 
strains can  The  
encoding a  that contains  and .  The 
subject strains also contain an intergeneric  

All exemptions are under (b)(4)
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 which was an unintended result of the . It was part of 
the  that  into the strains.  
 
There is low risk of injury to human health and the environment associated with the small-scale field 
testing of the three intergeneric strains of  The recipient species does not present concerns 
for pathogenicity, toxicity, or allergenicity to humans, even to potentially exposed or susceptible 
subpopulations.  The introduced genetic material does not affect the low potential for any adverse 
human health effects. Although an  was used as  

 and a 
 was used  for  and  are not  

 so there is little concern for  
 Horizontal gene 

transfer is expected to be low if not absent in green algae in general.  
 
The small-scale field testing of the  subject strains is expected to present low risk to the 
environment since members of the genus , which are ubiquitous in the environment, do not 
pose hazards to animals, plants, or other organisms. The introduced genetic material does not affect the 
low potential of adverse environmental effects. The genetic material does not impart any competitive 
growth or dispersal advantages as compared to the parental strain. Any time algae are grown in open 
ponds aerial dispersal is to be expected from wind and from the agitation of the paddle wheels used in 
the raceway ponds for mixing. Dispersal of the algal cells into the environment is thought to be likely 
since  is closely related to (and also previously named) the more widely referenced , 
which is an algal species known to be routinely transmitted in air. However, data generated by the 
company with their extensive monitoring during and after their  open pond algae field tests using 

 showed a low level of dispersal at distance even though some dispersal was 
observed in trap buckets in close proximity to the ponds.  
 
The parental strain is euryhaline which means it can tolerate a wide range of salinities. Thus, survival 
may be expected in both fresh and marine waters if the subject strains are dispersed to water bodies.  
However, the subject strains are not expected to be invasive or out-compete other algae in the 
environment. Metagenomic data generated from SGI’s monitoring in  demonstrated that  
is not invasive in samples of water obtained from water bodies in the surrounding environment. 
Therefore, no adverse environmental effects are expected if the strains survive in terrestrial and aquatic 
environments into which they are disseminated.  
 
Even though there may be dispersal of the three  subject strains into the environment from 
the proposed small-scale field testing in open ponds, there is low risk associated with these field tests 
since the subject strains pose low human health and ecological hazards. Although the use of  

 in microorganisms intended for environmental release is typically undesirable, the 
 do not pose concerns.  

 
 So there is little concern for  

.    
 
The overall purpose of this submission is to assess and monitor  genetically engineered algae 
research strains with enhanced lipid production traits in outdoor ponds, at multiple scales, for research 
and development. This submission builds upon SGI’s  for algal biofuels (R-19-0001, 

). The submitter added that this TERA also aims to continue to link the biology work in the lab 
with successful scale-up in the field by experimenting at a manageable scale. Gaining insight into how 
algal strains (top candidates today as well as those to be developed) perform in industrially-relevant 
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. These observations are phenotypically and morphologically consistent with an  
 assignment.  

  B. Donor Microorganisms 
 

1.  
 
The  introduced into all three subject strains is a   

. It contains  and . It was  
. The purpose of this gene is to  

, allowing for . The  gene was first 
discovered by 

 This f was isolated from , and purification and identification of the  
 followed ( ).  belongs to an enzyme class 

known as the , which act on  rather than  
.  exhibits high specificity toward  and some of its analogues. , a 

ubiquitous  grows in the form of macroscopic pallets ( ). 
Strains of  are used in industrial production for feed and enzyme production. 
 

2.   

Additional information supplied by the submitter noted that the nucleotide sequence of the  
 used in this submission ) is identical to that obtained by ) from 

 (GenBank accession ) which cites  as the source organism. 

  C. Subject Microorganisms 

The taxonomy of the recipient strains  and the three subject  
strains is identical to the parental wild-type strain  All subject strains are  strains in 
which a  has been introduced  as a necessary step in strain 
construction, allowing for . The  was used in all strains, which 
consists of  
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Apart from the addition of this intergeneric   and  from  
, some  is also present in the subject strains. Also,  

. However, these  do not alter the 
taxonomy, and the subject strains are still considered to be   

The addition of the intergeneric genetic material was shown by the submitter to have no discernible 
phenotypic differences in the three subject strains relative to the recipient strain . Various 
experiments performed by the submitter also indicate that neither  nor any subject strains are 
likely to impact primary productivity. Although all subject strains have been selected for improvements 
in lipid productivity, none show significant changes in biomass productivity, and thus are not expected 
to have a competitive advantage in the natural environment. 

III. ECOLOGICAL INTERACTIONS OF ALGAE IN THE ENVIRONMENT 

In this TERA, any or all of SGI’s three strains of ., and perhaps , 
will be grown in open ponds with sizes of miniponds, (25 m2, 75m2, 0.05 A, 0.1 A , and 1 A). With the 
outdoor growth of any algal species, there is the potential for the subject strains to be dispersed to 
nearby surface water bodies or terrestrial environments. Thus, it is important to consider the 
characteristics of the alga, and its potential interaction with other algae and organisms in the various 
environmental media into which it may be disseminated. 
 
According to the  literature review by ) that was provided by SGI with the TERA 

), there are no records of adverse impacts of the genus  to any terrestrial plants or 
animals. There are also no records of toxicity or pathogenicity of  to any aquatic plants or 
wildlife, although the potential exists for unanticipated impacts on population-level interspecies 
competition, and local biogeochemistry. However, strain characterization data and growth and 
competition experiments suggest the subject strains will behave similarly to the recipient strain. 
 
Algal blooms in water bodies have also been caused by ., however, they are not considered 
harmful algal blooms because  does not produce phycotoxins. This will be discussed in more 
detail in later sections. 
  
In a broader context, the interactions of algae in aquatic and terrestrial environments and their role in 
aquatic food webs were discussed in a previous risk assessment for an algal TERA submission by 
McClung (2017). 

A. Aquatic Ecosystems 

A number of factors affect the rise and fall of algal populations in the aquatic environment including the 
physical factors of light, temperature, weather, water movements, flotation, the chemical nutrient 
status of nitrogen, phosphorus, silicon, calcium, magnesium, potassium, sulfate, chloride, iron, 
manganese, and other trace elements, and organic matter (Ikawa, 2004).  There are a number of 
biological factors as well including the presence of resting stages, predation, and parasitism.  The 
polyunsaturated fatty acids produced by algae can affect algal growth.  In addition, a number of 
biological substances are known to be produced by algae that inhibit the growth of other algal or of 
zooplankton grazers, as shown by Pratt (1944; Pratt et al., 1945). Likewise, it has been shown that some 
algae detect “infochemical” signals from grazers and can change their morphology accordingly to try to 
avert predation (Lass and Spaak, 2003).  Food webs in water bodies are complex and dynamic and have 
been shown to vary from season to season and with other perturbations of the water body, e.g., 
eutrophication (Lindeman, 1942; Martinez, 1991).   

) noted that there are numerous studies on the effects of the genus on various 
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Algae occur in nearly all terrestrial environments on earth and are invariably encountered on and 
beneath soil surfaces (Metting, 1981). Acceptance of algae as bona fide soil microorganisms evolved late 
in the 19th century when it was recognized that certain groups were restricted to soil, including some in 
the order Chlorellales (Shihira and Krauss, 1965; Kessler, 1976).  also reported 
Chlorophyta ) were found to dominate sites in north central Florida pine forest 
after controlled fire and soil sterilization. The recolonization of the sites by these algae was attributed to 
their airborne nature and was directly correlated with the soil moisture content  

 
 
Over 38 prokaryotic genera and 147 eukaryotic genera have been identified as terrestrial species, the 
majority of which are truly edaphic (i.e., of, relating to/influenced by soil). As expected solar radiation, 
water, and temperature are the most important abiotic factors controlling their distribution, 
metabolism and life histories (Metting, 1981). Biotic interactions are also important, but much less well- 
understood. Algae play an important role in primary and secondary plant community succession by 
acting as an integral part of ecosystem. Algal communities living in soil have the principal function of 
primary production, nitrogen fixation, and stabilization of aggregates (i.e., can prevent soil erosion) 
(Metting, 1981). Algae concentrations in soils are typically found to be between 103 and 104 cells/gram 
but have been reported as high as 108 (Metting, 1981). 

IV.  DISPERSAL OF ALGAE IN THE ENVIRONMENT 

As reviewed by Tesson et al. (2016), microalgae have been reported across a wide range of ecosystems, 
covering almost all latitudes from tropical to polar regions. Due to their relatively small size (few to 500 
um), microalgae are dispersed by water, air, and various biotic vectors (e.g., humans and animals) 
(Kristiansen, 1996; Tesson et al., 2016).  These mechanisms and organisms of dispersal were discussed in 
a previous algal risk assessment by McClung (2017). 

  A. Dispersal by Water 

Passive dispersal of algae by water can occur wherever there is running water between connected water 
bodies.  A study by Atkinson (1988; as cited by Kristiansen, 1996) found that the colonization of a newly 
constructed reservoir was from the inflow.  It was several years later before the appearance of 
organisms other than those found in the catchment area.  Heavy precipitation and flooding can result in 
algal dispersal by connecting water bodies that are usually isolated.  Algal dispersal by water is likely 
more important in wetter environments that in arid regions.      

  B. Dispersal by Aerosols 

Air is an important dispersal mechanism of algae, and it is thought that algae have spread throughout 
the globe as aerosols.  As early as 1844 Ehrenberg recognized the presence of airborne algae in dust 
samples collected 300 km off the nearest coast by Darwin in 1939 on the H.M.S. Beagle (as cited by 
Kristiansen, 1996).   

According to a review article by Sharma et al. (2007), ”In general, bioaerosols range from 0.02 to 100 μm 
in diameter and follow the same physical rule as any particle of a similar aerodynamic diameter.  They 
disperse via air movements and settle according to the settling velocity, available impaction, surface, 
and climatic factors prevailing in the area (Burge and Rogers, 2000).  Air movements within a laminar 
boundary layer surrounding the source usually release such particles.  Many of the particles remain in 
the layer and eventually settle near the source (<100 m), while some are carried aloft with turbulence 
and transported by the wind over a long distance.  The processes responsible for the release and 
atomization of bioaerosols from natural sources are as follows: 
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The submitter has stated that they are aware of algae dispersal by aerosols and have described various 
ways to monitor the areas within and surrounding their test site. The results from their monitoring 
studies from the previous two TERAs (R-19-0001,  for the green algae Parachlorella sp. and 
for will also play a big factor on how they plan to monitor for the current three subject 
strains.  
 
The known causes of aerosolization at this site for the algae in an open raceway pond are due to paddle-
wheel movement, air-CO2 injection and bubbling, and general splashing at the air-water interface (R-21-
0002). The monitoring data for R-19-0001 showed that very low levels in bioaerosols collected near the 
open raceway ponds. At that time,  were also cultivated 
alongside the R-19-0001 Parachlorella sp., yet the strains were less abundant in air samples 
even with a greater amount growing than Parachlorella sp.  
 
From the  monitoring data, the submitter reported that very low levels of  were 
found from the areas immediately surrounding the 1-acre pond paddlewheels. Molecular methods were 
also used to monitor subject strain  and none were found in these paddlewheel 
samples. 
 
Similar to the monitoring of R-19-0001 and , the proposed methods for  will also 
consist of microbiome profiling as well as specific quantification of the subject strains. The goal is to 
provide insight to both total emissions from the ponds as well as to characterize the ability of the 
emitted algae to disperse and establish at a distance. Details and discussion of SGI’s algae traps and 
related parameters were provided in the Exposure report for   

  C. Dispersal by Aquatic and Terrestrial Organisms 

Aquatic and terrestrial organisms are responsible for algal dispersal.  Even fish can act as vectors.  For 
example, numerous species of plankton algae including cyanobacteria, green algae, and diatoms have 
been found to pass undamaged through the digestive track of the plankton-eating gizzard shad 
(Velasques, 1939 as cited by Kristiansen, 1996).  Insects such as beetles have been found to carry viable 
algae in their digestive tract (Parsons et al., 1966, as cited by Kristiansen, 1996), and thus, their faecal 
pellets can distribute algae to new water bodies.  Milliger and Schlichting (1968) found 20 species of 
green algae in the intestinal tract of beetles.  Algae dispersal by beetles is a likely mechanism for small 
water bodies for short distances (Kristiansen, 1996).  Other insects can disperse algae to various water 
bodies.  Reville et al. (1967) found that with four species of aquatic Diptera (craneflies and midges), 21 
different genera of algae were found on the collected insects.  Likewise, Sides (1968) found that the mud 
dauber wasp was capable of carrying algae and protozoa as nine and four genera, respectively, were 
isolated from aseptically collected insects.  Parsons et al. (1966, as cited by Kristiansen, 1996) reported 
the presence of 20 genera of viable blue-green algae (currently cyanobacteria), green algae, and 
euglenoids in and on dragonflies and damselflies.  Dragonflies are thought to be able to transport algae 
possibly long distances (Maguire, 1963).     

Water-living mammals and other mammals such as mink, muskrats, and raccoons can transport viable 
algae on their fur and sometimes in their intestinal tracts.  Human activities can also transport algae 
between water bodies.  For instance, the use of felt-soled wading boots has been banned in a number of 
states as they have been shown to transport non-native larvae, spores, and algae between water bodies.  
In Vermont, the felt-soled wading boots are believed to have spread didymo, a slimy alga also called 
rock snot, to various rivers throughout the state.  This alga forms dense mats that blanket the bottom of 
the stream like a shag carpet, changing pristine trout streams to a green, yucky mess, according to 
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Shawn Good, a fisheries biologist with the state Fish and Wildlife Department 
(http://usatoday30.usatoday.com/news/nation/environment/2011-04-28-rock-snot-felt-sole-wader-
ban_n.htm). 

D. Dispersal by Birds 

Water birds are the most important vectors for algae dispersal as they can transport live algae on their 
feet and feathers and sometimes internally in their bills or in their digestive tract.  Water birds such as 
seagulls have been shown to transport algae, particularly aquatic desmids, in wet mud on their feet for 
long distances (Strøm, 1926 as cited by Kristiansen, 1996).  Desiccation is of course of great importance 
with the viability of live algae transported on the feathers or feet of birds.  Algae carried internally in the 
digestive tract are not subject to desiccation stress.     

Migratory birds have a significant role in the transport of algae for long distances.  Proctor (1959) 
studied the carriage of algae in the intestinal tract of numerous migratory bird species obtained from 
playa lakes in Texas and Oklahoma.  A number of freshwater algae species were found in the alimentary 
canal of 25 different migratory birds.  Algae were found in the lower digestive tract of the pied-bill 
grebe, the green-winged teal, the blue-winged teal, the shoveler, the American coot, the killdeer, the 
dowitcher, the American avocet, the Wilson’s phalarope, and the belted kingfisher. Since many species 
of blue-green algae (currently cyanobacteria) and green algae do not have spores or specialized resting 
structures, the algae were assumed to have been transported as vegetative cells.  Based upon the rate 
of movement of the algae through the alimentary tract and the flying speed of some common migratory 
birds, Proctor (1959) suggested that algae could be easily transferred between lakes 100 - 150 miles 
apart, with much greater distances possible with cells or colonies in the caecum of the birds.       
 

also investigated the transport of algae on and in various waterfowl.  He measured 
the carriage of chlorophyta (green algae), cyanophyta (blue-green algae), chrysophyta (golden algae), 
euglenophyta, bacteria, fungi, protozoa, and rotifers and on the feet and feathers, and in the bill and 
gullet, as well as in the faecal matter of 105 birds representing the following 16 species of waterfowl:  
black duck (Anas rubripes), blue goose (Chen caerulescens), buffie-head duck (Bucephala albeola), 
Canada goose (Branta canadensis), coot (Fulica americana), Eastern belted kingfisher (Megoceryle 
alcyon), gadwall (Anas strepera), goldeneye (Glaucinetta clangula americana), green-winged teal (Anas 
carolinensis), mallard (Anas platyrhynchos), redhead duck (Aythya americana),  ring billed gull (Larus 
delawarensis), ruddy duck (Oxvura jamaicensis), spotted sandpiper (Actitis macularia), common snipe 
(Capella galinago), and wood duck (Aix sponsa).   
 
The field collection experiments demonstrated that the water birds retained viable forms of algae and 
protozoa both externally and internally.  For those organisms carried externally on the feet and feathers, 
the birds exposed to the air for less than four hours carried a great variety of organisms.  Those exposed 
to air for longer periods of time had fewer viable organisms.  With eight hours exposure to air, there 
were some organisms on the feet of birds, but a greater variety was found to be carried in the bills. The 
birds exposed to the air longer than eight hours yielded very few organisms.  The contents from the 
gullets sampled produced good algal growth in culture, whereas only a few of the 163 fecal samples 
contained viable algae or other organisms.  Viable organisms found on the waterfowl consisted of 86 
species from the feet, 25 species from the feathers, 25 species from the bills, 14 species from the 
gullets, and 12 organisms from the fecal material.  
 
The following species of green algae were found on the feet of the waterfowl:  
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  Furthermore, re-sequencing of the 
three subject strains supports that  in all three subject 
strains. However, which  remains unclear. Of note, for 
industrial applications,  is inherently more stable than  

 (2009 Flagfeldt, et al.; 2007 Verwaal, et al.). The submitter has observed that over time, similar 
strains with  have been genetically stable.  A schematic of the genetic 
modifications as presented in the GCR is below (Cameron, 2021).  
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According to the submission, the subject strains are  
has been  as a necessary step in strain construction to allow for the  

. The same  was used in the construction of all strains, but the 
, and hence the identities of the  differ among the three subject 

strains.  
 
According to Cameron (2021),  
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lateral gene transfer. It was suggested that this may be because this green alga is solely autotrophic 
whereas the Bigelowiella is both photosynthetic and phagotrophic.  
 
Qui et al. (2013) hypothesized that Plantae, particularly the red algae, are important in eukaryote 
genome evolution because of their ability to serve as “sinks” and “sources” of foreign genes through 
horizontal gene transfer and endosymbiosis, respectively. This hypothesis recognizes the often 
underappreciated Rhodophyta as major sources of genetic novelty among photosynthetic eukaryotes.  
 
Another instance of potential lateral gene transfer having occurred in algae is the work presented by 
Raymond and Kim (2012). They found the presence of ice-binding proteins in sea ice diatoms that 
apparently were essential for their survival in the ice. These protein genes were completely incongruent 
with algal phylogeny, and the best matches were all bacterial genes. Like bacterial genes, they did not 
contain introns.  
 
There is one example of horizontal gene transfer from an alga to its DNA virus. By phylogenetic analysis, 
Monier et al. (2013) demonstrated that the transfer of an entire metabolic pathway, consisting of seven 
genes involved in the sphingolipid biosynthesis, from the eukaryotic alga Emiliania huxleyi and its large 
DNA virus known as EhV had occurred. Hunsperger et al. (2015) reported the conserved presence of the 
light-dependent protochlorophyllide oxidoreductases (POR) in four different algal taxa (dinoflagellates, 
chlorarachniophytes, stramenopiles, and haptophytes). The study concluded that the duplicates of 
stramenopiles and haptophytes por genes are a result of horizontal gene transfer from a Prasinophyte 
alga.  
 
Turmel et al. (2009) hypothesized that chlorellalean and pedinomonadalean green algae are reduced 
forms of a distant biflagellate ancestor that might have also given rise to the other known 
trebouxiophycean lineages. .A more recent study revealed a shared ancestry between the 

 
 
 

           
 
There is no information in the literature on horizontal gene transfer specifically with   
Although from an evolutionary perspective there is evidence that horizontal gene transfer has occurred 
in green algae, there are no studies that demonstrate horizontal gene transfer with  or the 
closely related genera  Vertical transfer of the 
introduced genetic material through sexual reproduction to other species is also expected to be 
low since  is thought to be asexual.  
 
There is no evidence for the presence of plasmids in the recipient . PubMed 
literature searches of titles and abstracts for  AND plasmid as well as  AND mobil*, 
conducted on 29-Jan-2021, returned zero matches. SGI has re-sequenced  dozens of times 
and never observed extrachromosomal elements beyond the organellular genomes from the 
chloroplast and mitochondrion.  The absence of extrachromosmal elements in suggests that 
HGT from the subject strains to other microorganisms is likely low. 
 

 and its derivatives have been a primary focus of SGI’s intensive multi-year 
research program. Over this time, hundreds of strains with  have been 
generated. Once transformed, screened, and selected, the program has not observed genetic 
construct instability. While explicit testing of genetic stability for a given strain/construct over many 
generations is rarely done, observational evidence suggests that genetic instability is highly unlikely. 
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IX.  POTENTIAL HUMAN HEALTH HAZARDS OF THE RECIPIENT MICROORGANISM SPECIES 

The potential human health hazards of the recipient  strain to the general 
population and to potentially exposed or susceptible subpopulations have been evaluated (Rahman, 
2021). 

  1. General Population 
 

A. Pathogenicity/Toxicity 
 
There are no reports in the publicly available databases citing any harmful effects of . to 
human health.  Members of the genus  are green algae that are found in very many freshwater 
lakes. Generally, green algal infections in humans are rare. Two known diseases reported to be caused 
by members of the green algae are protothecosis and chlorellosis. These are rare pseudofungal diseases 
in humans and animals caused by the opportunistic algae of the Chlorellaceae family, Prototheca spp. 
(achlorophyllous mutant) and Chlorella spp., respectively (Lass-Florl and Mayr, 2007; Pfaller and 
Diekema, 2004; Hart et al., 2014). Although the genus  

 Hence,  has no relationship with 
diseases as mentioned above caused by two other species. Therefore, it can be safely say that there are 
no human health hazards posed by the recipient strain. 
 

 and its derivatives are not known to produce any toxins. This is true 
for all Chlorophytes in general. While toxin-producing algae are not a monophyletic taxonomic group, 
harmful algae are restricted to a few phylogenetic groups. These include eukaryotic algal groupings of 
haptophytes, dinoflagellates and ochrophytes, as well as cyanobacteria (Hallegraeff, 2004).  Toxin 
production is not associated with green algae. There is no evidence in the available published literature 
on the toxin production by . Hence, it is unlikely that would cause any pathogenicity or 
toxicity effects on general population.  
 
 B. Allergenicity 
 
In an article on the health effects of airborne algae and cyanobacteria, it was reported that few airborne 
microalgae can cause acute health issues including allergy, inflammatory response, hay fever, skin 
irritation, burning of eyes, rhinitis, sclerosis and respiratory irritation (Genitsaris et al., 2011). Many of 
these health effects are due to cyanotoxins production by cyanobacteria. However, there are no reports 
in the literature citing any allergenicity related to  It is noteworthy that non-genetically 
modified strains of  have been grown in open ponds at the Calipatria site for at about four years 
without causing allergenic reactions in workers. 

  2. Potentially Exposed and Susceptible Subpopulations 
 
Potentially exposed individuals are workers at the SGI facility. Susceptible subpopulations that warrant 
consideration differ whether in relation to potential pathogenicity or allergenicity of In terms 
of pathogenicity, susceptible subpopulations would include those whose immune systems are not fully 
competent such as the young, the elderly, malnourished individuals, and those with pre-existing disease 
or on immunosuppressive therapies. Susceptible populations for allergenicity concerns are atopic 
individuals which are those with a genetic predisposition toward developing hypersensitivity reactions 
to environmental antigens. 
 
 A. Pathogenicity/Toxicity 
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The potential health effects of the recipient strain must be considered for potentially exposed 
individuals and for susceptible subpopulations. Workers are the potentially exposed subpopulation. 
However, strains of  have no history of any pathogenicity or toxicity on potentially exposed 
subpopulations.  
 
In terms of pathogenicity, susceptible subpopulations include those with not fully competent immune 
systems such as the young, the elderly, malnourished individuals, and those with pre-existing disease or 
on immunosuppressive therapy.  has not been reported as causing any infections in humans. 
Thus, there is little concern even for those with not fully competent immune systems as they too are 
routinely exposed to  algal cells as it is widespread in the environment.  Dermal contact of 
workers to the alga in the open miniponds is not expected as workers will be wearing personal 
protective equipment required by SGI regulations (e.g., gloves, safety glasses, long pants, and steel-toed 
shoes) when handling the algae.  
 
In regards to toxicity, there is low concern for potentially exposed or susceptible subpopulations as well 
as the general population as  is not known to produce any phycotoxins.  
 
 B. Allergenicity 
 
Allergenicity of the microorganism or to the potentially exposed subpopulation, i.e., workers, must be 
considered. There are no reports on allergenicity caused by  and therefore, allergenicity to 
workers should not be a concern. As added precautions, SGI has implemented the use of proper PPE, 
i.e., gloves, safety glasses, long pants, and steel-toed shoes by the workers to limit the exposure of the 
agent through various routes including skin contact, eyes, nose and mouth.  
 
In terms of allergenicity, the susceptible subpopulation of atopic individuals, those with a genetic 
predisposition to develop hypersensitivity reactions to environmental antigens, must be considered. 
However, atopic individuals are not expected to be working near the ponds and hence are unlikely to be 
exposed to the microorganisms.  
 
X. POTENTIAL HUMAN HEALTH HAZARDS OF THE SUBJECT MICROORGANISMS 
 
The potential human health hazards of the three subject strains of  to the general population 
and to potentially exposed and susceptible subpopulations have been evaluated (Rahman, 2021). 
 
  1. General Population 
 
    A. Pathogenicity/Toxicity 
 
There are no concerns for pathogenicity/toxicity arising from the introduced genetic material in the 
subject strains.  As described above,  

 were introduced into the subject 
strains. Neither of these genes is associated with virulence or pathogenicity. Thus, the addition of these 
genes would not be expected to impact physiology. Besides, the products of these genes do not 
pose any concern for toxicity.  
 
Due to the toxic effects on eukaryotic cells,  has no clinical application in humans (  

. This  
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As neither of these , there is no concern for  

 were to be horizontally transferred to pathogens in the 
environment. Thus, it is highly unlikely that the subject strains pose any adverse health effects in 
humans.  
 
    B. Allergenicity 
 
Additions of the intergeneric genes are highly unlikely to cause the subject strains to induce an 
immunological response in humans. As mentioned above, no reports were found indicating allergic 
reactions to . The protein sequence of  was used to query the Food Allergy 
Research and Resource Program “AllergenOnline” database (www.allergenonline.org). As given in the 
TERA, database queries using the full FASTA amino acid sequence, a sliding 80mer window, as well as 
exact match for 8mer were conducted. No results above the database thresholds were returned for 
80mer or 8mer searches (>35% identity, and 100% identity, respectively). A single hit was returned for 
the full FASTA search using a conservative threshold e-value of 1. This was for a short (50aa) alignment 
which has 36% identity (54% similarity) to a  ( ) from  

 A report of allergen cross-reactivity found that sequences less than 50% 
identical are unlikely to be cross-reactive (Aalberse, 2000). Moreover, the hit identified is for a small 
segment of the protein and the same author suggests that there is little evidence that short stretches of 
shared identity lead to allergic cross-reactivity.  Similar search with  encoding protein sequence 
did not yield any identity with any known allergen. Overall, there is extremely low likelihood of 
allergenicity for the encoded . 
 
The likelihood of causing any potential allergic reactions by the subject strains will be further eliminated 
by the use of appropriate PPEs as mentioned above. Movement of cultures between controlled 
locations onsite at the CAAF is likely to occur through partially-closed transfers that also reduces further 
exposure of the subject microorganisms. 
 
2. Potentially Exposed and Susceptible Subpopulations 
 
The genetic modifications of the recipient to make the three subject strains of . do not pose 
adverse human health effects to potentially exposed and susceptible subpopulations just as they do not 
to the general human population. The introduced genes encoding for  do not 
pose pathogenicity, toxicity, or allergenicity concerns to humans.   

XI. POTENTIAL ECOLOGICAL HAZARDS OF THE RECIPIENT MICROORGANISM SPECIES 
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XIII. POTENTIAL SURVIVAL OF THE SUBJECT MICROORGANISMS 

As described previously, species are distributed worldwide, nearly ubiquitous in regions 
containing freshwater lakes, streams and rivers as well as in brackish or saltwater sources. In order to 
assess the potential survival and propagation in the environment of the three subject strains, the 
submitter tested the ability of the recipient s ability to grow in waters collected from water 
bodies surrounding the test site. Since the intergeneric components   are not 
expected to change any phenotypic characteristics in  the subject strains are expected to 
perform similarly in these experiments.  
 
Overall, the recipient  grew to some degree in all the local water types tested, achieving at 
least one or two doublings with distinct differences between each water sample (Figure 9). The 
submitter used their algal growth medium as a control to show the full growth potential in optimal 
conditions (i.e., sufficient nitrogen). It was also concluded that the growth rate correlated with the 
nitrogen content of the waters at the time of collection.  
 

Along with testing  survival potential in nearby aquatic receiving environments, several 
desiccation tolerance studies were performed with soil from the CAAF site (Figure 10). A steep drop in 
cell viability was observed with  resulting in a 2 order-of-magnitude reduction in the first 3 
days, and no viable cells remained after 8 days (Figure 10B). The submitter reported that in a repeat 
experiment (not shown), no viable cells were detected after 3 days. An additional desiccation tolerance 
experiment was conducted using live-dead fluorescence cell stains. cells were aliquoted into 
in sterile 12-well tissue culture plates. Prior to desiccation, cell counts and % viable were determined by 
flow cytometry. Culture aliquots were set out to dry in a biological safety cabinet. Dryness was achieved 
after approximately 3 hours. Immediately upon drying and at several timepoints thereafter aliquots 
were rehydrated with culture media and re-assayed. A small drop in viability is observed immediately 
after drying and a three log-fold reduction in viable cells is measured after the first 24 hours (Figure 
10C).  
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The facility’s approximate geographic coordinates are N 33.198491 W 1three.558857. It is bound on the 
north by McDonald Road and the Imperial Irrigation District’s (IID) “O” Lateral and on the south by 
Schrimpf Road and the IID’s “O” Drain. The “O” Lateral is fed by the All American Canal.  
Regional access is provided from State Route 111, via McDonald Road. An existing driveway entrance is 
located on Schrimpf Road. A six-foot chain link fence surrounds the property, with a controlled-access 
gate on Schrimpf. An east-west six-foot chain link fence divides the property into two forty-acre 
sections. The northern section is not currently active. The site is staffed with 15-20 full and part time 
employees. An aerial photo of the CAAF facility is provided below (Figure 11).  
 

Elevation and slope - The site rests at an elevation of 220 feet below mean sea level, on a plot of land 
that is exceptionally flat, sloping very gently downward to the west. For reference, the surface of the 
Salton Sea is approximately 227 feet below mean sea level. A drainage study was commissioned by SGI 
in 2014. 
 
Proximity to water bodies - The site is located approximately 3 miles from the Southeast corner of the 
Salton Sea (Figures 13 and 14).  The nearest fresh water source (~1.5 miles SSW) is the Alamo River, 
located to the Southwest of their facility (near sampling location IVF017 in Figure 13). The site draws 
production water provided by the Imperial Irrigation District (IID),k which sources their water from the 
Colorado River. The IID transports river water from Yuma AZ, utilizing various open channel irrigation 
canals that network throughout the Imperial Valley. The site is designated as a zero-discharge facility 
meaning that none of the water taken onto the site is released back into the local water system (with 
the exception of rainwater not falling into a pond or collection basin). 
 
Prevailing winds - The prevailing winds are primarily from the southeast. There is a less frequent, but 
occasional wind pattern with winds coming from due west. Summarized daily averages for one calendar 
year shows the frequency of winds by quarter. 
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Figure 12: Satellite image identifying the locations of SGI’s R&D Facilities in La Jolla and Calipatria, CA.

 

XV.  STUDIES TO BE CONDUCTED TESTS AT THE FIELD TEST SITE 

The primary objective for this experiment is to down-select and cultivate one to three subject strains at 
a scale of ≥ 25 m2 (up to 4,000 m2 or 1.0- A ponds) and maintain production-like operations for up to 18 
months. The total duration of this trial is approximately 24 months which includes 6 months of post-
cultivation environmental monitoring and for analyses and reporting. An important objective of the 
proposed test is to work with an engineered alga at a scale which begins to approach the expected scale 
needed for future commercial viability. 
 
The following tables present all of the various size vessels that will be used, both inside and outside.  
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For work at all scales, samples will be collected daily for analysis in the CAAF Lab to perform growth 
measurements as described in Table 7. Briefly, these measurements will include optical density (OD730), 
AFDW, photosynthetic efficiency (PAM), total organic carbon (TOC), fatty acid methyl ester composition 
(FAME), microscopic analysis and metagenomic analyses. Excess samples will be disposed of in 0.5% 
sodium hypochlorite. 
 
The following table presents the types of measurements that will be taken over the course of this TERA 
and the frequency with which these measurements will be taken.  
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Clean-in-place procedures are utilized for cleaning ponds at the CAAF site. At the conclusion of an 
experiment, ponds are scrubbed along the sides with brushes to remove any films that may have formed 
over the course of an experiment. Then, ponds are dosed with 4 mL/L of 12.5% sodium hypochlorite and 
thoroughly mixed with the in-pond paddlewheels. After at least one hour, and after complete mixing, 
the ponds are then pumped directly to the on-site evaporative disposal pond via a dedicated line.  
 
OCCUPATIONAL EXPOSURE 
 
    LABORATORY/GREENHOUSE ACTIVITIES 
 
The submission does not provide worker exposure estimates for laboratory propagation. NCD assumes 
that some inhalation and dermal exposure in the laboratory / greenhouse setting as a worst case for 
potential sampling and monitoring growth. 
 
Number of Total Workers: 2 
 

   The technical contact for the past case R-19-0001 indicated that typically less than 2 employees are 
involved in this operation. NCD assumes that this is applicable to this case as the activities occur in the 
same laboratory and the same activities are performed (consistent with R-19-0001 and . 
 
Days/yr: 5  
 
The submission does not estimate total exposure days. R-19-0001 assumed 5 exposure days. NCD 
assumes that this is applicable to this case as the activities occur in the same laboratory and the same 
activities are performed (consistent with R-19-0001 and . 

 
Table 8. Summary of the Occupational Exposure Estimates: 

Worker Activity Exposure 
Inhalation 

Laboratory/greenhouse activities  
2 workers 

Dermal 

Laboratory/greenhouse activities   
2 workers 

 
PROCESS/USE - Propagation in PBRs and Open Ponds 
 
The submission provided worker estimates in the following table. The submission states “There will be 
five to six workers involved in the initial inoculation, three to four workers involved in the subsequent 
activities (e.g., sampling, pond monitoring), and up to 10 workers for harvesting and experimental 
termination” . Therefore, the workers may perform multiple activities in the table below and NCD 
estimates the total number of workers to be 20 workers (6 +4 +10 workers). 
 
 
 
Table 9.  Worker Activity and Duration of Exposure. 
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Worker Activity PPE 
# of 

Workers 
Exposed 

Maximum 
Duration 
(hr/day) 

Maximum 
Duration 
(day/yr) 

Scale-up of cultures 

Safety 
glasses / 

disposable 
nitrile gloves 

5-6 10 52 
Preparation and pond inoculation 5-6 12 52 
Sample collection 3-4 2 365 
Pond monitoring 3-4 2 365 
Addition of water/ nutrients 3-4 10 365 
Harvesting 5-6 10 52 
Experimental termination 5-6 10 52 
Cleaning ponds Safety 

glasses / PVC 
gloves, 

rubber boots 

8-10 12 52 

Lab activities – algae cultivation Safety 
glasses / 

disposable 
nitrile gloves 

3-4 4 365 
Lab activities – sample processing 3-4 8 365 
Lab activities – general activities 3-4 6 365 

Lab activities – analytical testing Safety 
glasses / 

disposable 
nitrile gloves. 
Preparation 

done in hood 

3-4 6 365 

 
Number of Total Workers: up to 20 
 
Days/yr: 52 - 365 days/yr (see table above) 

 
PPE:  The submission indicates that proper PPE includes gloves, safety glasses, long pants, and steel-toed 
shoes.  

 
Table 10. Summary of the Occupational Exposure Estimates. 

Worker Activity Exposure 
Inhalation 

Sampling of Ponds Near Paddlewheels 
  

(365 days/site-yr) 
4 workers 

Dermal 

Laboratory Work for Daily Sample Processing 
    (365 days/site-

yr) 
4 workers 

 
   Inhalation 

   
1) From: Sampling of Ponds Near Paddlewheels  

Up to 4 workers (see table above) 
/day, 365 days/yr 
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The submission indicated that weekly aerosol sampling was done for R1-9-0001 and found an average of 
22 genome copies/m3, which is very comparable with the NIOSH study reporting approximately 32-103 
CFU/m3, in a laboratory setting. Similar measurements were conducted for  for larger raceways 
ponds and for longer duration. For all 20 samples common airborne microbes were detected and 
quantified yet the subject strain was not detected. The submission then states for this TERA that 
“existing EPA estimates should continue to be appropriate, if not slightly overestimated”. 
 
As a conservative estimate, NCD references the 1997 Biotech GS area monitoring data collected by 
NIOSH in a fermentation facility. The GS recommends estimating potential inhalation exposures by 
taking the most applicable monitoring data and multiplying it by an estimate of the exposure duration. 
NCD does not have methodology for estimating exposures from aerosolization of liquids near 
paddlewheels. Therefore, NCD conservatively used data near a centrifuge.  

 
2) From: Inoculation and Scale-Up, PBR sampling, Sample Processing and Experimental Termination 

 
 Per the 1997 Biotech GS, potential fugitive air releases from general sampling are shown to be either 

undetectable or several orders of magnitude lower than other sources. Therefore, compared to other air 
emission sources (paddlewheels), inhalation exposures from inoculation and scale-up, PBR sampling, 
sample processing in the laboratory, and experimental termination are considered to be negligible. 

 
 Dermal: 
 

1) From: Laboratory Work for Daily Sample Processing  
 Up to 4 workers (see table above) 
  /day, up to 365 days/yr 
 

The submission indicated that approximately 100 mL of sample will be taken from the pond every day. 
Per the biotech GS, the potential dermal dose rate is the product of NCD standard dermal exposure 
assessment factors and the CFU concentration in the appropriate process stream.   
 
ENVIRONMENTAL RELEASE 
 
The environmental releases resulting from both laboratory propagation and from processing/use have 
been estimated by Avcin (2021).  
 
  Laboratory/Greenhouse Activities 
 
 Water:  negligible 
 
No sources of release to water have been identified other than potential releases from residue in 
laboratory equipment. NCD’s standard assumption for treatment of laboratory-scale equipment (<10 
liters) is that releases are negligible. For the CAAF site, the submission states that “All laboratory 
biological waste is considered hazardous waste and will be disposed of into biological waste containers, 
then removed from the site and properly managed by a licensed hazardous waste vendor. The site holds 
both Federal and CAL/EPA registrations.” NCD assumes treatment at the La Jolla laboratory is similar.  
 
 Air:  negligible 
 
NCD’s standard assumption is to consider air releases from this activity to be negligible. 
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For general population exposure, there are two scenarios: Manufacturing/laboratory propagation and 
Processing/Use.  
 
The Manufacturing scenario did not estimate releases during laboratory or greenhouse propagation. 
Therefore the following exposure pathways (Air, Water, Landfills, and Incineration) were not assessed. 
 
The Processing/Use scenario estimated releases for the following pathways (Air and Landfills). However, 
landfill disposal regulations (state and federal), and landfill design are expected to mitigate the 
exposures to negligible levels. Waste from either direct collection or via solids from the evaporation 
pond, is sent to landfill that or Class-II or Class-III facility, depending upon the water content, according 
to applicable Federal and State laws. Releases to water via landfill leaching are not assessed, as 
exposures are expected to be mitigated by the state regulations.  The table below summarizes the 
estimates for inhalation exposure 100 meters from release source.   
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Table 12. General Population Exposures. 

Summary of General Population Exposures  

Scenario Activity Release Amount Release Inhalation 
Exposure (CFU/yr)a 

Processing/Use Vessel and Pond 
Cleaning 

Landfill   CFU/yr (1 site, 52 
days/site-yr)  

or 
  CFU/site-day 

Negligible 

 

 

Experiment 
Termination 

Landfill   CFU/yr (1 site, 
52 days/site-yr)  

or 
  CFU/site-day 

Negligible 

 Bioaerosols Air   CFU/yr (1 site, 
365 days/site-yr)  

or 
  CFU/site-day 

 CFU/m3 

Potential for migration to groundwater is possible via landfill leaching, however, it was not 
quantitatively assessed. There is the potential for bioaerosols emissions from the open ponds.  

aModel estimates assume a 100 m receptor distance from release source. 

bDistance from major residential sites was estimated using google satellite images. Processing/use site 
indicated the closest residences to be approximately 1.5 miles (2,414 m) from the site. 

 
 
Land Pathway: 
 
The expected release to landfill from processing/use at the Calipatria, CA site was assessed. Waste will 
be sent to landfills. The design and operations of these landfills are regulated by the state of California. 
These engineering controls are expected to mitigate exposures from waste disposed at landfills. 
 
Per the submission, all process liquid waste is piped to an evaporation pond with a total capacity of 8.6 
acre-feet (AF). The pond is permitted by the California Water Quality Control Board Region #7. The pond 
was designed to comply with Federal, State and County construction standards. Quarterly Reports on 
the evaporation pond physical integrity, chemical composition and water levels are provided to the 
State. Figure G4 submitted in the Figures and Tables attachment shows the evaporation pond liner 
detail and the overall liner engineering configuration. 

 
Evaporated salt waste material that is >50% water can  shipped via licensed hauler in lined dump trucks 
to a licensed Class-II landfill for disposal (lined to contain liquids). However, the preferred means of 
disposal will be to allow the material to dry below 50% water, and when the dried material passes the 
US EPA paint filter test it will be shipped via a licensed vender in unlined trucks to a licensed Class-III 
landfill. A Special Waste Profile has been approved by a local landfill.  
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to increase any propensity for bloom formation.  
 
Of course, with open pond testing, some aerial dispersal of the subject strains to the environment, be it 
surrounding bodies of fresh water or soils, is to be expected. However, in addition to its  state, 

 can exist as  
which would greatly reduce aerial dispersion due to the heavier weight of the algal colonies versus 
individual cells. The company has said that the expected dispersal of these subject strains is even less 
that of the Parachlorella sp. strain that was field tested in 2019 in open ponds (R-19-0001). Even if 
dissemination into the environment were to occur, there would be low concerns for adverse ecological 
effects resulting from the genetic modifications, i.e., the  and the 

 as neither of those genes pose any environmental 
hazards. 
 
Even though there may be some exposure to the general population, susceptible subpopulations, and 
potentially exposed workers, and also to the environment from the growth, harvesting, and aerial 
dispersal of the algal strains in open pond testing, there is relatively low exposure to workers, the 
general population, and potentially exposed and susceptible subpopulations, and the environment. As 
previously mentioned, is ubiquitous in the environment so humans are likely frequently 
exposed. The genetic modifications done to the recipient strains to create these three subject strains do 
not increase any potential for adverse effects to human health and the environment. Thus, the 
proposed open pond testing of these genetically modified algal strains poses low risk to human health 
and the environment.  
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